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FALCONBRIDGE NICKEL MINES. LIMITED - DISTRICT OF SUDBURY 

iTOQDpqTOM 

The Sudbury operations of Falconbridge Nickel Mines , Limited, are 
located in two general areas; the Qnaping Area, 29 miles north-west of the 
City of Sudbury in the Onaping - Vermillion - Spanish River watershed; and 

the Falconbridge Area, 12 idles north-east of the City of Sudbury in the 
Wanapitei River watershed. 

These operations consist of 9 mines , 4 concentrators , a smelter 
and a pyrrhotite plant, Falconbridge also expects to have a new Iron Ore 
Recovery Plant in operation by late 1969. Allied Chemical Canada, Limited, 
win build a plant to recover sulphur from the stack gases produced by this 
plant, 

The present facilities are responsible for the mining of approxi- 
mately 17,000 tons of ore per day (includes the anticipated production from 
the Strathcona and Longvaek South Mines) which are processed into 70,000 tons 
.per year of 80% copper-nickel matte. An additional 150 tons per 'day of iron 
are recovered by the pyrrhotite plant.. 

During the summer of 1967 an industrial wastes survey was conducted 
of Falconbridge f s mining operations in the District of Sudbury. The purposes 
of the survey were: 

(1) to evaluate existing waste control facilities 

(2) to recommend improved waste control measures where needed, and 

(3) to correlate the industrial waste discharges with the findings 

of the ' 'Biological Survey of Streams and Lakes of the Sudbury Area: 
1965" which was published by the Ontario Water Resources Commission 
in 1966, 



- 2 - 

QNAPING ABE A 

The Qnaping operations are located to an area 29 miles north-west 

of the City of Sudbury and consist of seven mines and three concentrators. 
The Onaping River (including Moose Creek), which is a tributary of the 
Vermillion Biver, is the receiving stream for the industrial wastes produced 
by the mining operations to this area. 

Chemical and biological (1965) samples of Moose Lake and Creek 
indicate that these bodies of water are grossly contaminated, Although the 
heavy metal concentrations were not excessive at the time of the surveys, the 
pH of these bodies of water was found to be very low. As a result , only a 
few taxa composed of a small number of organisms were found during the 1965 
Biological Survey, 

Both the International Nickel Company of Canada, Limited and 
Falconbridge Nickel Mines, Limited are responsible for the conditions that 
exist at the outlet of Moose Creek to the Onaping liver. However, the effluent 
from, the INCO operations at Levack, which enters Moose Creek via. Grassy Creek f 
can now be considered satisfactory except 'under extreme wind conditions. These 
operations are discussed to a separate report on IIOQ, 

Tailings from the operation of the Fecunis Lake Concentrator are 
discharged to a tailings area which overflows to Cranberry Lake, and then to 
Moose Lake, Although the pH of the tailings area overflow was found to be 
near neutral, subsequent oxidation of sulphur compounds contained to the waste 
flow produced a marked reduction to the pH of Cranberry Lake and Moose Lake. 
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The present pH of 4,0 is toxic to almost all forms of aquatic life. 

Neutralization facilities are being constructed near the outlet 

of Moose Lake to provide treatment for the wastes produced at the new 
Strathcona Mine and Concentrator, These facilities will also provide treat- 
ment for the wastes from the Fecunis Lake Concentrator f since the overflow 
from the Fecunis tailings area must eventually 'pass through this neutraliza- 
tion system before discharging to Moose Creek, The degree of control provided 
by these neutralization facilities wiH be dependent on the degree of 
completion of the oxidation of the sulphur compounds in the waste stream 
before they reach the neutralization point. If further oxidation does occur 
after neutralization, a depressed pH will continue in Moose Creek, 

At the present time, the overflow from the sand-fill plant at the 
Fecunis Lake Mine is the only other contaminated waste stream, discharging from 
the Falconbridge operations in the Onaping Area, The sand-fill plant overflow 
contained excessive concentrations of suspended solids and iron, .and it 
exhibited a low pH due to oxidation of the sulphur compounds. 

The Onaping River downstream from the junction of Moose Creek and 
adjacent to the Hardy operations was found to be impaired (Biological Survey; 
1965) due to toxic conditions produced by excessive concentrations of heavy 
metals. Moose Creek is definitely the main contributor of these heavy metals, 
but the Hardy mine water and cooling water which discharges to the Onaping 
River a short distance downstream of Moose Creek , is also a significant 
contributor. The combined discharge of mine water and cooling water was 
found to contain excessive concentrations of suspended solids and iron, and 
it also exhibited a low pH, probably due to oxidation of the sulphur compounds, 
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RECOMMENDATIONS 

Exhaustive studies of the neutralization system at the outlet from 

Moose Lake and the downstream watercourse (Moose Creek) should be carried out 
by the Company after the treatment facilities have been put into operation. 
At the present time, it is not known, whether the sulphur oxidation process 
will reach completion, especially in the winter months, before the wast© 
stream reaches the neutralization point. If this process has not reached 
completion, further oxidation will occur after neutralization with a result- 
ant decrease in pH,. These studies are required to determine if the treatment 
system is effective, and to provide valuable information which could be 
employed in the design of the treatment facilities for the proposed Iron Ore 
Recovery Plant, 

The overflow from the Fecunis Lake Mine sand-fill plant should be 
pumped to the Fecunis tailings area for disposal, This would remove the last 
remaining source of suspended solids and .iron being discharged to Moos© Creek 
from the Company s s operations. 

The discharge of mine water from the Hardy Mine to the Onaping River 
must be terminated. Segregation of the mine water from the cooling water will 
be required and a disposal area or treatment method will have to be employed 
for the mine water. Although a sample was not collected of the cooling water, 
it would appear that it would be satisfactory for direct discharge to the 
Onaping River. 
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FALCONBRIDGE AREA 

an 

The Falconbridge operations are located in the Township of 

Falconbridge 12 miles north-east of the City of Sudbury, They consist of 
2 .mines, a concentrator, a smelter, a pyrrhotite plant, and a proposed iron 
ore recovery plant with an associated sulphur recovery plant, Emery Creek, 
which is a tributary of the Wanapitei River, is the receiving stream for the 
industrial wastes produced by the operations in this area. The construction 
of the proposed Iron Ore Recovery Plant along with the associated sulphur 
plant win produce two new waste streams, Coniston Creek, which is also a 
tributary of the Wanapitei River, will be the receiving stream for the 
wastes from the iron plant while the receiving stream for the wastes from 
the sulphur plant is unknown at this time, but is probably a small creek 
that enters the Wanapitei, 

The major problem associated with the Falconbridge Area operations 
involves the discharge from the old tailings area to Imery Creek, Bio-assay 
tests conducted on Emery Creek during the 1965 Biological Survey indicated 
that the 96 hour 1 Tim, for the creek was 2k% by volume. That is, 24^: by 
volume Emery Creek water mixed with 76$ by volume uncontaminated water 
killed half of the test fish in 96 hours. The chemical analysis of the Emery 
Creek samples indicated that the toxicity was due to low pH and high iron 
concentrations . 

Samples collected from the old tailings area effluent during this 
survey were found to exhibit a low pH and contained excessive concentrations 
of nickel and particularly iron. The main sources of iron discharged to the 
old tailings area are the pyrrhotite plant and the Falconbridge Mine 
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(#5 shaft) sand-fill plant overflow, while the main sources of nickel are 
the pyrrhotite plant and the §5 shaft mine water, The depressed pH of the 
effluent from the old tailings area is again the result of the oxidation of 
the sulphur compounds. 

The cooling water and overflow from the sand-fill plant at the 
East Mine discharge to Emery Creek and contribute to the excessive quanti- 
ties of suspended solids and heavy metals ■, particularly iron, being 
discharged to Etaery Creek, Sufficient pumping capacity is apparently 
available at this site to pump any excess tailings to Fault Lake. Either 
these facilities are not being used to pump all the tailings to Fault Lake 
or they are overloaded. 

The remainder of the wastes from the Falconbridge operations are 
being handled in a satisfactory manner, AH smelter wastes are discharged 
to Boucher Lake which has no outlet. Concentrator tailings and barren 
wastes from the pyrrhotite plant are discharged to Fault Lake which also has 
no outlet (small quantity of uncontaminated seepage). 

Future developments in this area which may add to the industrial 
waste disposal problem are the construction of the proposed iron ore 
recovery plant and the associated sulphur plant. Sedimentation, and aging 
followed by a neutralization, similar to that being used at Moose Lake, will 
be employed to treat the wastes from the iron ore recovery plant, Ultimately;, 
the wastes wiU discharge to Coniston Creek, 

The sulphur plant, which wiU be owned by Allied Chemical Canada, 
Limited, but will be operated by Falconbridge Nickel Mines, Limited, will 
employ neutralisation facilities followed by ageing for treatment of 
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industrial wastes , High concentrations of selenium may be a problem 
experienced with this operation. Due to the acute toxicity of selenium, 
the Company has been requested to keep the concentration of selenium in the 
final effluent to less than 2 ppm. The receiving stream for the final 
effluent is not known at the present time* 
RECQMfflWDATTOMS 

The discharge of an unacceptable effluent from, the old tailings 
area has been a long term problem and is responsible for the extreme toxicity 
of finery Creek, Since treatment methods , such as the one being employed at 
Moose Lake | are available to treat .industrial wastes of this type, it is 
recommended that the Company provide treatment for the effluent from the 
old tailings area as soon as possible. 

The East Mine sand-fill plant overflow is also partially respon- 
sible for the toxic conditions which exist in Emery Creek. Since adequate 
pumpingfacilities are available to pump the overflow to Fault Lake, the 
Company must take the necessary steps to ensure that these facilities are 
used at all times, 

The Company must also continue its waste control activities so 
that adequate treatment facilities are available when new developments are 
brought into production, In this way the Commission's objective of main- 
taining and improving water quality throughout the Province can best be 
served. 
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CONDUCT OF SURVEY 

An Industrial wastes survey of the Falconbridge Nickel Mines,, 
Limited operations in the District of Sudbury was conducted between June 
and September 5 1967. The purpose of the survey was threefold: 

(a) to evaluate the existing waste control facilities 

(b) to recommend improved control measures where 
needed, and 

(c) to correlate the industrial waste dischargee 
with the findings of the 'Biological Survey of 
Streams and Lakes of the Sudbury Area: X%5 li 
which was published by the OWBC in June 1966. 

Personnel 

The following Falconbridge Nickel Mines , Limited, personnel were 

of great assistance in, the conduct of this survey: 

Mr, J. J. Asselstine, Chief Engineer, 

Nickel Division, Sudbury Operations, 

Mr. G. Webb, Mechanical Engineer, 
Onaping Area, 

Mr, D, Purdie, Mechanical Engineer, 
Falconbridge ., 

Mr, L. Henry, Assistant to the Chief Engineer, 
Nickel Division, Sudbury Operations, 

QWRC Personnel Participating 

Mr, J. Luyt, Chemical Engineer 
Mr, R, Purdy, Student Engineer 
Mr. G, I, Macey, Chemical Technologist 

Water Usage and Waste Flows 

Due to the lack of recent flow measurements all water usages and 

waste flows were extracted from an OWHC report entitled "District of 
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Sudbury - A Survey of Industrial Water Use and Waste Disposal* 1960-1963". 

Any deviation from the data in the above report is the result of 
new information which was supplied by Falconbridge personnel during and 
after the survey. 

Sampling Procedures and Sample Analysis 

Samples for this survey were collected on the following dates; 
July 20 and 21, and September 26, 27, and 28, 1967, The method of samp- 
ling (composite or grab) is indicated in the individual reports on each 
installation. The exact location of each sample point is indicated on the 
map accompanying the reports on each area, 

AH samples were forwarded to the Ontario Mater Resources 
Commission laboratories in Toronto for analysis according to the procedures 
described in 'Methods for Examination of Water and Wastewater" Twelfth 
Edition. The pH of samples collected on July 20 and 21, 1967, was determined 
in the field and in the laboratory, while the pH of samples collected on 
September 26, 27, and 28 was measured only at the Toronto laboratory. 

AH results except pH are reported in parts per million (ppm), 
interpretation of Results 

The following is a list of the analyses carried out on the samples 
which were collected during the survey, with a short discussion on each 
analysis to indicate its significance, 

Total, Suspended, and Dissolved Solids; 

The total solids is a measure of all the material, suspended 
and dissolved, present in a sample. Suspended solids are those that 
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can be removed by laboratory filtering using a glass fibre 

filter Reeve Angel #934 AH or equivalent. The dissolved solids 

include material in solution as well as small colloidal particles 
capable of passing through the filter mentioned. 

Any compound soluble in water which gains access to a 
watercourse can be detected as dissolved solids , while land 
erosion, industrial wastes and sanitary sewage are significant 
sources of suspended solids, 

The effect of dissolved solids on a watercourse or any 
riparian users will depend on the nature of the solids , while 
suspended solids are of concern .in the water treatment field since 
the cost of water treatment is proportional to the suspended 
solids concentration. Suspended solids are also an important 
factor in the environment of aquatic life. In suspension , the 
solids affect light penetration which disrupts the balance of 
organisms, and the solids directly affect the normal functions of 
aquatic life. If the solids settle they can cover the bed of a water- 
course and thus affect the food chain in the environment, 

m 

The pH is an indication of the hydrogen ion concentration 

in solution. A pH of indicates a very acidic solution while a pH 
of 14 indicates a very basic solution, A pH of 7 indicates a 
neutral solution. The toxicity of a solution due to pH varies widely 
depending on the concentration of other constituents contained 
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in it, For instance , the presence, of iron lias been found to 
increase the toxicity of low pH waters. 

The low pH found in the waste effluents and .receiving 
streams in the District of Sudbury is the result of the oxidation 
of the sulphide ores and other sulphur compounds with the result- 
ant production of sulphuric acid, This process is complex involv- 
ing both chemical and biological factors. While the general course 
of this process is known, the kinetics, or the rate of reaction are 
not well known, and this leads to problems in the design of waste 
treatment processes, 

A possible form of pyrrhotite found in the waste streams 
from, the concentrators and .mines has the formula ftbSU* 

The following simplified reactions take place to produce 
sulphuric acid (HgSG^h 

2Fe 7 S 8 + 310 2 + 2H 2 > 349*00* + 2H 2 S0 4 

rate low 

4FeS0 4 + Q 2 + 2H 2 5Q # > 2Fe 2 (S0 4 ) 3 + H 2 

rate greatly increased by bacteria 

7Fe 2 (S(\)3 + Fe ? S g — > 21FeS<\ + 8S 

3 + 3Fe 2 (SQ 4 ) 3 + 4H 2 — > 6Fe8«\ + 4H 2 S0^ 



The waste control problem is that these reactions must 
occur before neutralization is effective, If a waste effluent was 
neutralized to a satisfactory pH of 7, subsequent oxidation and 

hydrolysis of any renaming sulphur compounds could produce 
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sulphuric acid several hours or days .later (depending on the 
kinetics) resulting in a decrease in the pH from 7 to possibly 3 
or 4, 

Copper and Nickel 

Copper and nickel analyses are performed in the Commission 
laboratory using the atomic absorption technique. This method 
measures the total copper and total nickel present in the sample, 
Copper and nickel in low concentrations have been found 
to be very toxic to fish and aquatic life in natural watercourses • 
Nickel^ the least toxic of the two metals $ has been found toxic 
to fish in concentrations as low as 0,8 ppm. 

Iron 

A colorimetric technique is used to determine iron con- 
centrations, This method measures the total iron present in the 
sample . 

Iron is the least toxic of the three heavy metals found 
in the wastes from the mining operations in, the Sudbury area, 
However , the combination of iron and a low pH greatly increases 
the toxicity. Nearly all the iron in the waste effluents is found 
in combination with sulphur. The oxidation of these sulphur com- 
pounds and the resultant hydrolysis produces the low pH wastes 
which are very common in the area. 
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QWRC Objectives 

The following are effluent objectives for the discharge of industrial 

wastes to natural watercourses in the Province of Ontario, 

Parameters Objectives 

Susp. Solids 15 

pH 5.5 - 10*6 

Copper 1,0 

Nickel 1.0 
Iron 17 

(All values in ppm except pH) 

These objectives are presently under review, and wiU eventually be 
related to river or stream, quality objectives. This does not mean that 
effluent objectives will be relaxed, Instead , they may become more stringent 
in areas of the province where local conditions deem, this to be necessary. 
Submission of Applications 

The submission of applications for the approval of industrial waste 
treatment facilities has in general been overlooked by the mining companies. 
The Ontario Mater Resources Commission Act, 19665 Section 31(1) is stated as 
follows 1 

?i When any municipality or any person contemplates the establishment 
of any sewage works , or the extension of or any change in any existing sewage 
works, the plans, specifications and an engineer s s report of the works to be 
undertaken, and the location of the discharge of effluent, together with such 
information as the Commission may require, shall be submitted to the Commission, 
and no such works shall be undertaken or proceeded with and no by-law for 
raising money to finance such works shall be passed until the proposed works 
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have been approved by the Commies ion R.S.G, i960, C.281, 31(1)*"' 

Falconbridge Nickel Mines, Limited, have adhered to this section of 

the act when it applies to the construction of new facilities at Strathcona 
and the new Iron Ore Recovery Plant, but fail to do so when making changes 
in the waste control systems serving their present operations, 

It should be pointed out that changes which the company .may 
consider minor such as the raising of a dyke around an old tailings area or 
the construction of a new decant tower 9 must be approved by the Commission 
before the company can proceed. 
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